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Summary 
Concentrations of harmful airborne substances are much higher in indoor air than 
outdoors. Furniture, cleansing agents, paints, solvents, carpets and floors release 
numerous volatile organic compounds (VOCs), which can only be reduced through 
adequate ventilation. 
The present investigation considered data of 463 participants in the fourth year of age 
within a project of the Helmholtz Centre for Environmental Research. 39 of them 
developed wheezing symptoms, 148 bronchitis and 397 infections. 
A novel model, based on logistic regression, was used to find associations between 
certain VOC concentrations and the outcome of airway diseases. The analysis involved 
gender, contact with cats, environmental tobacco smoke (ETS), and the prevalence of 
atopy in both parents. The aim was to find threshold concentrations of VOCs and to 
give recommendations for the abatement of environmentally caused diseases. 
The present research proved findings of other studies, for instance, that “wheezing 
ever” appeared when high concentrations of hexane, benzene, ethylbenzene, and 
chlorbenzene were reported. Such relationships were observed for “wheezing ever” in 
the past year. The number of wheezing participants was low (39) and, therefore, also 
some other airway diseases (infection, bronchitis and asthma) were tested for their 
relationship to VOC concentrations. 
 
1 Introduction 
VOCs play a huge role for both human health and atmospheric processes. They 
comprise a large group of carbon-based chemicals whose vapour pressure at 20°C is 
greater than 1.3 hPa and less than 1013 hPa (Hester et al., 1995). 
The VOC concentration in the urban atmosphere depends on human behaviour, 
geographic location, meteorological parameters and the time-dependent contributions 
of different sources. In cities, a diurnal cycle of VOCs is observable especially for 
those, which are produced by vehicle exhausts. In the early morning, the VOC 
concentration is at lowest because of a nocturnal dilution of the emissions from the 
previous day. The commuter traffic in cities leads to an increase in VOC concentration 
twice a day. 
Adults spend a lot of their time in offices, housings and workplaces. For this reason, 
special attention has to be put on indoor air pollutants that are emitted by furnishings 
and can impair human health. The exposure to certain VOC is extremely variable. 
Nevertheless, many studies suggest, that long-term exposure to low levels as well as 
short-term exposure to high levels have severe health effects, like eye and nose 
irritation, headaches, dizziness, worsening of asthma symptoms (short-term exposure) 
and cancer, liver, and kidney damages and also damages on central nervous system 
(long-term exposure) (www.health.state.mn.us). To prevent such harmful impact, 
threshold concentrations were specified for adults. (Umweltbundesamt 2007, Öppel et 
al., 2000, Sagunski, 1996, Sagunski et al., 2004, Seifert, 1999). 
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Children, in comparison to adults, are most affected. They rest the majority of their 
time in rooms because of less mobility. Therefore, the concentration of indoor VOCs 
and outdoor air pollutants, which infiltrate through windows and porous walls, is 
essential for health effects (Koenig et al., 2005). Additionally, the formation of 
particles from VOCs is important, and to assign them to their sources. 
In previous studies, however, threshold concentrations for children were not specified. 
For that reason, a purpose of the present study is to find threshold values for certain 
VOCs for the protection of children’s health. In addition, it is an aim to investigate 
whether there is any difference in the harmfulness of different VOCs on wheezing or 
on other airway complaints, and how it depends on the VOC concentration. A 
population study of the Helmholtz Centre for Environmental Research UFZ Leipzig 
was used to find answers for these questions. 
Adgate et al. (2004) showed that households with attached garages possess elevated 
concentrations of benzene, styrene and chloroform and that non-urban concentrations 
are significantly lower than urban concentrations. Based on the fact that tobacco 
smoke in pregnancy and early childhood causes prenatal damage, poor growth 
indicators, respiratory illness like cough and wheezing and asthma (Hawamdeh et al., 
2003, Cook et al., 1997), health studies have to adjust for this so-called confounder. 
Wheezing is a precursor for asthma in the development of children (Lemanske, 2002). 
Indoors, VOCs are emitted by a variety of home or personal care products and 
from vehicle exhausts of attached garages (Sexton et al., 2004). Building materials and 
indoor activities determine the indoor concentration, see table 1 (Morales et al., 2009, 
Belanger et al., 2006, Diez et al., 2002, Sexton et al., 2004, Sagunski, 1996, 
Umweltbundesamt, 2007). 
Table 1: VOC sources and items, which release such pollutants. 
Sources Items 
Outdoor Traffic, industry, forests, vegetation 
Building material Insulation, paint, plywood, adhesives 
Furnishing materials Furniture, floor/wall covings 
Garage and combustion appliances Vehicle emission, tobacco smoke, candles 
Consumer products Cleaning, personal care products 
Equipment Laser printers, photocopiers, PC 
Indoor activities Cooking, tobaccos smoke, use of solvents 
Ventilation system Filters of heating ventilation, air conditioning 
Biological Humans, moulds, bacteria, plants, fruits 
 
2 Data and Methods 
2.1 Datasets 
In epidemiologic data, questionnaire data are often used for different purpose. Firstly, 
they can give a short survey over a long period to research the everyday life. Secondly, 
they can be used to detect changes, for instance in the effect of medicine, for short-
term analysis. 
The used questionnaire for the presented study gathered information as to the parents’ 
atopies, allergies, school education as well as smoking in presence of the expectant 
mother. Nutrition during pregnancy, nutrition allergies, infections and associated 
medication were asked as well. This basic information shall be used to research an 
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association between atopic disease and factors from the indoor and outdoor 
environment in the future. All in all, 80 questions plus sub questions were asked. 
The study-population of Leipzig contained 579 participants in the third year and 670 in 
the fourth year of life. However, 39 participants suffered from “wheezing symptoms 
ever between their third and fourth birthday”.  
This investigation is focused on associations between the VOC concentration and the 
occurrence of wheezing and searches for concentration thresholds for children that 
help to protect against respiratory symptoms. For the occurrence of a disease, not only 
VOC concentrations and environmental factors are determining. Personal 
susceptibility and genetic factors are crucial for the manifestation of asthma, allergies 
and respiratory diseases (Schwartz, 2009). For that reason, the answer to the 
questionnaire item of parental atopy was included as a confounder in the data analysis. 
 
2.2 VOC measurements 
The concentration of VOCs was measured at the end of the third year of life using a 
3M organic vapour monitor 3500 (http://www.shop3m.com). These samplers were 
fixed at the ceiling in the middle of a room, where the child spent most of its time, at a 
height of 1.5 - 2 m with a minimum distance of 50 cm to the next furniture. At best, 
the measurements lasted for one month. In this period, the behaviour of the dwellers 
should not have been differed from other parts of the year. Furthermore, any activity 
that could have led to an increase in VOC concentrations had to be documented. Many 
factors were considered: position of the sampler, smoking in the sampling room 
(benzene), usage of purifier, solvents and pesticides (cyclic hydrocarbons) as well as 
newspaper in the proximity of the sampler (toluene). For avoiding any 
misinterpretation of high concentrations, questions about burning candles, dust 
development outside and adjustment and air tightness of the windows were asked. All 
in all the measurements give an overview about the VOC concentration in the whole 
year. A sampling interval of 4 weeks was selected, which can be assumed to describe 
the personal exposure much better (and integrative) than a short-term measurement. 
A series of organic compounds can be collected with these samplers using the 
principle of diffusion. At the end of the sampling period, each monitor was tightly 
closed by a cap belonging to it, and stored at room temperature until analysis. 
The VOC analysis was performed on the Perkin Elmer GC-MS system Turbomass 
equipped with an RTX-1 column (60 m x 0.32 mm I.D., 1.0 µm film thickness; 
Restek). A sample volume of 1 µl was split-less injected. Integrated areas of selected 
fragment ions from each of the 28 studied VOCs were obtained with the software 
Turbomass, Version 4.4 (Perkin Elmer). 
The detection limits for the components were estimated as the three-fold standard 
deviation of 5 replicate measurements of monitor blanks. For components with blank 
values too low to be registered, it is usual practice to use the three-fold standard 
deviation of replicate measurements of a low-level standard solution. The detection 
limits of the GC/FID/ECD system were observed to be between 0.01 µg/m³ and  
1.0 µg/m³ regarding a sampling interval of 4 weeks. For the GCMS system detection 
limits from 0.01 µg/m³ to 0.05 µg/m³ were found, converted to a sampling interval of 
four weeks. 
The storage stability of 5 passive samplers was tested in a period of 5 months at room 
temperature and no significant loss was observable. The precision was evaluated as the 
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percent relative standard deviation (% RSD). The % RSD was typically below 10% 
(Rehwagen et al., 2003). 
 
Calculation of concentration 
For the statistical analysis, time 
weighted average concentration of the 
contaminant in mg/m³ or µg/m³ were 
used. This can be calculated as follows:  
Here, m is the absolute weight of an 
adsorbed contaminant on the monitor 
in µg, A is a calculation constant, r 
represents the recovery coefficient by 
incomplete desorption from the 
sampler and t is the sampling interval 
in minutes. The coefficient A is 
influenced by temperature and 
pressure. The correcting factor is 1.0 
(reference) for 25°C and 1013 hPa. All 
measurements refer to normal 
conditions. For an increase of 10 K 
above or below the reference value, 
one percent correction is required for 
temperature. For differences in 
pressure no correction is needed. The 
additional error attributable to different 
(unknown) environmental conditions 
can be assumed to be below 13% 
(Rehwagen et al., 2003). The recovery 
coefficients were determined by direct 
injection of a known amount of the 
standard into a 3M sampler and 
subsequent extraction with carbon 
disulfide containing 1% methanol. The 





VOCs were measured for only 95% of the participants completing the questionnaire 
(555 VOC measurements out of 579 possible apartments). Measured concentrations 
below the detection limit were replaced with the half detection limit (table 2, column 
2). To judge them in the right way, the percentage as to the entirety is given in 
brackets. The third column of table 2 contains the number of replacements for each 
VOC. 
Table 2: Measured VOCs and their half 
detection limit in combination with the 
number of taken replacements. 
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Because of their strong seasonal variation, the VOC concentration values were 
adjusted by the season when they have been collected. The factor, which is higher in 
summer than in winter, is between one and four in this study and differs between 
different cities and VOC groups (Schlink et al., 2004). 
 
2.3 Statistical modelling 
In the analysis of epidemiological data, regression is used to describe the association 
between exposure variables and a disease or illness outcome. Linear and logistic 
regression with their parameters and odds ratios (OR), confidence intervals (CI) and 
R² are used to solve multivariable problems. Thereby, it should be kept in mind that 
experiments were made to research the influence of environmental factors on the 
health of children. "Sick" or "healthy" were the two possibilities of the dichotomous 
data. They were coded for the statistical modelling as follows: sick into “1” and 
healthy into “0”. 
This dichotomy of the data must be reflected by the statistical model. Therefore, the 
regression analysis is a generalized statistical method with the ambition to describe the 
values of the dependent variable D for independent variables X1, X2, ... , Xn  
(Harrell Jr., 2001). The character and the amount of a generalised linear association 
between the dependent and the independent variable are modelled. 
From the regression results dose-response relationships can be derived easily. The 
response changes because of a change in the dependent variable. The questionnaire 
data, quoted before, and the aim of our investigation (environmental impact on health) 
show that control variables like gender, age, existence of a cat and smoking must be 
included for adjustment, even when they are not of direct interest. They define the 
dependent variable (sick/healthy) and represent the multivariable problem leading to a 
multiple regression. 
 
Logistic regression model 
To cover nonlinear relationships between outcome and predictors, the normal model 
must be extended. In classical linear models the outcomes are independent and 
normally distributed with equal variance. These conditions do not apply here. 
In dichotomous data, like with (1) or without (0) outcome of a disease, either 1 or 0 
appears. For such data, a binomial distribution with D~Bin(n = 1, p) and 0 < p < 1, is 
suitable. Because of the binomially character of the data set, the logit-link has to be 
used in the logistic regression, which is a special form of the generalized linear 
regression.  
The probability p(x) is an indicator for the risk of an individual to become sick. An s-
shaped link-function is used in the analysis and shows that the individual risk is low 
till a special “level” is reached. It was the aim of this investigation that, for different 
VOCs, these “levels” are calculated for children, depending on age, gender, and the 
other adjustments mentioned before. Thus, the logistic model is defined by 
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while P{D=1} is the probability to become sick with individual variables. α and β are 
constant terms representing unknown parameters for the strength of the control 
variables X. α is the intercept and accounts for the effect of all time-independent 
factors on the average symptom level of an individual. 
In the following table 3 the variables of the data set and the logistic model are 
presented: 
 
Table 3: Abbreviations for the used logistic regression model of dependent (d), 
control (c), and independent (i) variables. 
variable Variable and adjustments (abbreviations) Classification (d, c, i) 
D Asthma, wheezing, infection, bronchitis (D1) d 
X1 Gender (S2) c 
X2 Cats as domestic animal (Cda3) c 
X3 Cats in surroundings (Cs4) c 
X4 Passive smoking indoors (Psi5) c 
X5 Passive smoking elsewhere (Pse6) c 
X6 Education index of parents (Edu7) c 
X7 Twice positive atopy in family (Tpa8) c 
X8 VOC concentration (VOC9) i 
 
From this follows:  







Logistic regression is commonly used for ease of interpretation and computation. 
Using the maximum-likelihood method, the unknown parameters α, β1, … , β8 can be 
estimated. Likelihood-based inference affords point estimators with good properties 
and affords the ability to assess the variability of estimators. The likelihood is a 
measure of how reasonable is each candidate value of the unknown parameter as a 
model for the data (Pawitan, 2001). After the estimation step, the parameter values are 
used to calculate p(x), which gives the individual predicted risk to become sick under 
special circumstances (control variables). 
 
Odds Ratio 
The estimation of the effect of VOCs on children’s health results in odds ratios. They 
give the personal risk to become sick under special circumstances, here: VOC 
concentration. The odds ratio is a quotient of Disease & Exposure Yes/No and Disease 
Yes & Exposure No (and vice versa). 
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Table 5: The meaning of the OR-values. 
See table 4 for illustration; E is for exposure, D for disease, 
1 for yes, and 0 for no. The population is split into groups of 
exposed and of not-exposed persons. The group of E=1 
(exposed) contains a persons suffering from the disease and 
c healthy persons; analogously, in the not exposed group 
(E=0) b individuals are sick and d healthy. For the odds 
ratio, the odds of both groups, exposed and not exposed, 





Therefore, odds ratio is a ratio of the event of interest 
occurring and not occurring in two groups. While P(a)/P(c) 
represents the odds of the exposed group, P(b)/P(d) 
represents the odds of the not-exposed group. In the odds, the numerator is always the 
sick group and the denominator is the healthy one. 
From the odds ratio, the chance of becoming sick can be estimated. If the odds ratio is 
equal to 1, then there is no difference in the pathogenic outcome of the variables of 
sick and healthy persons. If the odds ratio is smaller than 1, special circumstances lead 
to a protective effect and the odds 
of the healthy persons is higher 
than the odds of the sick ones. In 
the reverse case, when the amount 
of the sick persons is higher than 
the healthy persons the odds ratio is 
above 1 and the chance of 
becoming sick is exceeded 
(Kleinbaum et al., 2002). 
 
Confidence Interval 
By estimating the values of model parameters it is much better to acknowledge the 
uncertainty in the estimate by providing a range of plausible values for the parameter 
than top state single numbers. This range is called confidence interval. It is a random 
interval that differs with variable data. The confidence statement says that, in 95% of 
hypothetical replications of the current situation, the confidence intervals obtained 
would include the true value. 
The CI has an upper (UCI) and a lower (LCI) limit. The CIs are directly connected 
with the number of ill children: The CI becomes larger if the number of children, who 
show symptoms, decrease. That means the less children are affected, the more 
uncertain is the estimate of the effect of the VOC concentration on this individual. 
 
R² - coefficient of determination 
R² is the coefficient of determination and gives information about the connection of 
dependent and independent variable.  
The value is a percentage which explains how much is described by the used model. It 
is a weighting of the model and specifies report of the reality. R² is between 0  
Table 4: Contingency 
table used in calculating 
the odds ratio, E=1 is 
the exposed group and 
E=0 is the not-exposed 
group. 
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(worst case) and 1 (best case) whereas a model with R² = 1 describes the variable 
completely and includes that all observation points are on the regression line. 
 
2.4 Developed model 
Using the logistic regression model with adjustments and VOCs as covariates, the 
coefficients, R2 and the p-values were calculated. The R 2.5.1 software (© 2007 The R 
Foundation for Statistical 
Computing) generated func-
tion "glm" was used, with 
binomial distribution function 
and logit link-function.  
All coefficients were 
estimated and the validity of 
the statistical model was 
proved by comparing the R2s. 
The estimated coefficients 
were used to calculate the 
ORs, UCIs and LCIs of the 
VOCs. The distinction 
between VOCs, which 
influence and which do not 
influence the health of 
children, was based on these 
parameters. For visualization 
and a visual detection of 
differences for several VOCs, 
the OR with UCI and LCI 
were drawn. Significant VOCs 
are plotted with CI in figure 1, 
while non-significant VOCs 
are just marked by a small 
circle. The significant VOCs 
were used for a subsequent threshold calculation. The VOCs were considered 
according to their appearance in the chart, hexane at first, consequently. This paper 
describes the threshold calculation for hexane in relation to “wheezing ever” in 
children age four. Further results will be presented in a following paper. 
 
Threshold calculation 
The threshold calculations were done for these six significant VOCs only. All others 
have not been considered. 
At first, every VOC concentration was classified into 10 categories. Then we decided 
to use a minimum criterion: The first category started at the lowest threshold 
(minimum) and included all values greater than or equal to the half detection limit. 
The 10th threshold (maximum) sequence was set to be equal to or higher as the highest 
measured value. This sequence included no values and was ignored. 
Figure 1: Six VOCs were observed to be in relation 
to wheezing ever in children age four. The numbers 
declare the VOC (44 – hexane, 77 – benzene, 83 –
ethylbenzene, 95 – 4-ethyltoluene, 107 –
chlorbenzene, 125 – limonene).
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The threshold codomain of the dataset was estimated in the model by an "if-then" 
command: "If the values of row 1, column 1:500, are greater than or equal to the prior 
calculated threshold, then take these values. Otherwise set them to zero". 
Considering this, the first threshold concentration category contains all values. The 
second threshold codomain contains all values except those, which are smaller than the 
second threshold concentration category and so on. The last section includes only a 
few children, those who had concentrations between the calculated threshold 
concentration for the ninth class and above, consequently. 
For all categories, the ORs, UCIs and LCIs were calculated and printed (figure 2).  
In an ideal case, the LCIs and UCIs should be very small and the ORs should be 
constant till a special concentration value is reached. Then, a strong increase in OR 
should appear. For the specification of a threshold, the OR should be about one, when 
the outcomes of diseases are not mainly influenced by certain VOCs and should 





 Table 6: Survey of VOC concentrations measured during one year. 
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Descriptive statistics of VOCs 
555 samples were taken during the study period. The concentration range (see table 6) 
is from 0.001 (tetrachlorethylene, β-pinene) up to 965.493 µg/m³ (α-pinene). 
The VOC concentrations were checked for normal distribution with Shapiro-Wilks-
test with SoftStat Statistica 8. The test turned out to be negative. Hence, the null 




The ORs and p-values were calculated for the model with gender, cat indoor/outdoor, 
smoking indoor/outdoor, education index and twice positive atopy in family as core 
model, symptom as dependent variable and VOC concentration as independent 
variable. The model estimated the associations between several VOCs and respiratory 
symptoms. The present paper contains the result for hexane and wheezing in children 
age four. Hexane is used as diluent 
for adhesives and varnish and also 
in fuels. Strong sources of hexane 
are renovation of the flats and 
outside chemical industry.                                                                                                 
Figure 2 refers to an increase in 
hexane of 10 µg/m³, because the 
concentration range is from  
0.206 to 238.37 µg/m³. A threshold 
can be identified when the CIs of 
the different ORs are so small that 
one does not cover the range of 
another one. This does not apply to 
the case of hexane (Figure 2). The 
CIs are too large and nearly totally 
overlap the other CIs so that no 
threshold can be specified, although 
there might be an indication of a 
threshold between 50 and  
100 µg/m³. Further information for 
other VOCs and diseases can be 
found in Rösch (2010). 
 
A slight increase in OR, which can be taken as an increase in the chance to become 
sick, is located between 50 µg/m³ and 100 µg/m³. This, however, can not be 
interpreted as a statistically significant threshold because of the too small increase in 
OR compared to the large CIs. The CIs are so large, because only a small subgroup is 
diseased. All CIs cover a very wide range so that no threshold can be identified 
clearly. The category of highest concentrations, referring to the percentage of children 
with symptoms, includes the smallest group of diseased participants. The large CIs are 
caused by the small number of participants in the ninth concentration category 
compared to the base group. 
The hexane concentration of a previous study in Leipzig between November 1994 and 
October 2001 (Schlink et al. (2004)) for 50th percentile was 3.1 µg/m³ and for  
Figure 2: Calculation of concentration 
categories for hexane causing wheezing. 
The ORs are given for an increase of 
10 µg/m³. 
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95th percentile 23.1 µg/m³. The 50th percentile of hexane measured in this study is  
4.3 µg/m³, which is a little bit higher than the previous value of Schlink et al., 2004.  
Also the 95th percentile of this research with a concentration of 32.197 µg/m³ is higher 
than the 95th percentile (23.1 µg/m³) of Schlink et al. (2004). That leads to the 
suggestion, that more hexane is emitted by certain sources. Highest hexane 
concentrations were measured in rooms that were renovated in the former year.  
 
4 Discussion 
579 persons were inquired with regard to their behaviour, habits in their housing and 
the physical health of their children. The questionnaire arrived at the parents within 
four weeks of the child's birthday. It contained almost equal number of males and 
females (49.7% (230) males and 50.3% (233) females). 39 participants of the cohort 
complained about “wheezing ever”. 
10 (25.6%) children of the wheezing sub-cohort were directly exposed to tobacco 
smoke indoors and 28 (71.8%) suggested being exposed in the daily environment. 
However, it is not known whether the parents or other persons are the smoke emitting 
sources in the outdoor air. 
Domestic animals play an important role for allergy, asthma and wheezing. Cats were 
found to be the most influential factor. The used adjustment included that; even though 




In the test phase, much more models with different combinations of adjustments were 
tested. VOCs were involved with and without correction of seasonality. In result, 
uncorrected VOCs had a lot more protecting effects than VOCs corrected for season 
and detection limit (table 2). These protecting effects are not plausible and not 
supported by any literature. In contrast, the effects found from corrected VOCs were 
invigorated by certain references. 
 
Developed model 
The assessment of the influence of VOCs on children's health was the aim of this 
investigation. For this purpose, 28 common VOCs were collected in the living area but 
only hexane and some other VOCs had a significant influence on wheezing in children 
age four. In summation the seven adjustments have been gender, exposure to smoke 
indoor/outdoor, cats indoor/outdoor, educational index and twice positive atopy in 
family. The R2 were highest in the model described above. They correspond to other 
epidemiological studies (lowest: 0.035 for hexane and wheezing ever in children age 
four). Models without atopy in family or only one atopic family member showed 
worse coefficients of determination (0.025 for hexane and wheezing ever in children 
age four). Because R2 is a measure for the quality of the model, the one with the 
highest R² should be used. 
The model was stable when children with high concentration values have been 
eliminated for test purposes. This verifies that the used model was a good choice for 
detecting the influence of VOC concentrations on the health of children. The study 
demonstrates that children, exposed to high concentrations, normally suffer from 
airway diseases.  
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Results 
In particular, we studied the effect of hexane on airway diseases like wheezing. 
The measured VOCs in houses have a wide spectrum of sources and combinations, 
and this complicates the classification. The mixture of too many unknown sources and 
sinks allows only a suggestion of the effect on human health. The concentration of the 
VOCs gives no evidence for the amount of ventilation or usage of cleaners, solvents or 
factors of furnishings. Through the comparison with other literature some reasons 
could be found, but further research has to be done. Expected threshold concentrations, 
below which there is no adverse health effect, have not been observed. 
 
5 Conclusion 
The used statistical model was developed for calculating the OR for concentration 
categories of various VOCs. The background was to estimate thresholds of the 
observed concentration range and to find out how many diseased children are located 
in the specific section. For several VOCs, which can cause airway diseases like 
wheezing, we did not find threshold concentrations below which there is no adverse 
effect. 
Retrospectively, that might be caused by the characteristic and design of the study. It is 
constructed for the influence of environmental and genetic effects on the health of 
children and gathered the concentration of different VOCs as a plus to determine 
which are correlated with personal indoor (cooking, smoking, cleaning) and outdoor 
air (traffic, industry). The connection between outdoor air pollutants and reactions of 
the respiratory tract were found in recent studies (Koenig et al., 2005, Adgate et al., 
2004, Carslaw et al., 2009, Wichmann et al., 2009). The result that no threshold could 
have been found is also a notice that wheezing appears already at concentrations below 
the detection limit. 
This investigation showed that wheezing at age four was associated with high 
concentrations of hexane. This finding corresponds to studies of Arif et al. (2007), 
Trevillian et al. (2005), Rumchev et al. (2004), Venn et al. (2003), and  
Cook et al. (1997). Hence, hexane is important in relation to the development of 
wheezing in children and mroe attention has to be put in minimizing hexane sources. 
The dissappointment of the determination of a threshold for hexane might be 
strengthened by concentrations below the detection limit in combination with 
wheezing. 
The kind and released concentration of VOCs which are emitted by combinations of 
indoor activities, furniture and outdoor sources is not well understood until yet. 
Concluding this report with the result that no threshold for any VOC was found but an 
association between certain VOCs (and concentrations) and health problems could be 
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